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[Advantages of the Present Invention] 

In the semiconductor apparatus, according to the 
present invention, having the structure described above, the 
semiconductor layer and the separating layer in the 
semiconductor substrate are connected to the low-voltage end 
(having a low voltage or grounded) and the depletion in the 
reversed biased state does not expand into this channel 
attributable to the variation in the impurity concentration 
of each layer around the channels of both the MOSFETs , so 
that the CMOS can be formed in which the occurrence of the 
latch- up phenomenon or the punch- through breakdown is 
suppressed and which has a high breakdown voltage and can be 
easily integrated. 

4 . Brief Description of the Drawings 

Fig. 1 illustrates the structure of a semiconductor 
apparatus according to an embodiment of the present 
invention. Fig. 2 illustrates a known semiconductor 
apparatus . 

1 semiconductor layer 
2, 3 well 

4 separating layer 

5 first area 

6 second areas 

7 third area 
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12 fourth area 

13 fifth area 

8, 9, 11. 14, .15, 16 electrode 
10a, 10b insulating layer 
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SPECIFICATION 

1. Title of the Invention: SEMICONDUCTOR APPARATUS 

2 . Claim 

(1) A semiconductor apparatus having a semiconductor 
substrate in which at least two wells including a first 
second-conductive- type well and a second second-conductive- 
type well are separated by a first-conductive-type 
separating layer on a first -conductive -type semiconductor 
layer, the first and second wells having an impurity 
concentration higher than that of the first -conductive -type 
semiconductor layer, and the separating layer having an 
impurity concentration higher than the first and second 
wells; wherein the first well includes a second-conductive- 
type first area having an impurity concentration higher than 
that of the first well beneath its surface, first - 
conductive-type second areas having an impurity 
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concentration higher than that of the first area are formed 
in the first area so as not to protrude from the first area, 
and first-conductive- type third areas having an impurity 
concentration higher than that of the first area are formed 
beneath the surface of the first well adjacent to the first 
area so as not to be in contact with the first area; wherein 
a first electrode connected to the second areas and second 
electrodes connected to the corresponding third areas are 
formed on the surface of the first well, and third 
electrodes are formed over the surface of the first well 
with the corresponding insulating layer sandwiched 
therebetween so as to stride across the corresponding second 
area, the first area, the first well, and the corresponding 
third area, the third electrode serving as an insulating 
gate, the adjacent second electrode serving as a drain 
electrode, and the first electrode serving as a source 
electrode to form a first -conductive -type MOSFET; wherein 
second-conductive- type fourth areas having an impurity 
concentration higher than that of the separating layer are 
formed beneath the surface of the separating layer so as to 
be apart from the second well and a second- conductive -type 
fifth area having an impurity concentration higher than that 
of the second well is formed beneath the surface of the 
second well; wherein fourth electrodes formed so as to 
connect the corresponding fourth area to the surrounding 
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separating layer and a fifth electrode connected to the 
fifth area are formed on the second well, and sixth 
electrodes are formed over the surface of the second well 
with the insulating layers sandwiched therebetween so as to 
stride across the corresponding fourth area, the separating 
layer, and the second well, the sixth electrode serving as 
the insulating gate, the fifth electrode serving as the 
drain electrode, and the fourth electrode serving as the 
source electrode to form a second- conductive -type MOSFET; 
and wherein the insulating gate of the first -conductive -type 
MOSFET is connected to the insulating gate of the second- 
conductive -type MOSFET and the drain electrode of the first - 
conductive -type MOSFET is connected to the drain electrode 
of the second-conductive- type MOSFET to form a complementary 
MOS. 

3. Detailed Description of the Invention 

[Technical Field of the Invention] 

The present invention relates to a semiconductor 
apparatus that is provided with FETs having different 
polarities to form a complementary MOS (CMOS) . 

[Related Art] 

The most basic circuit of a MOS logical circuit, which 
is a logical circuit using a MOSFET (insulated-gate field- 
effect transistor), is a gate circuit having a negation 
logic function. The gate circuit is also referred to as an 
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inverter. A MOS inverter is a series circuit including a 
driver device and a load device, and the MOSFET is 
ordinarily used in both the driver device and the load 
device. One of the MOSFET combinations is a CMOS 
(complementary inverter), in which an enhancement- type 
MOSFET in a P channel is connected in series to an 
enhancement -type MOSFET in an N channel and in which the 
gate of the enhancement- type MOSFET in the P channel is 
connected to the gate of the enhancement - type MOSFET in the 
N channel to form an input end and the drain of the 
enhancement -type MOSFET in the P channel is connected to the 
drain of the enhancement- type MOSFET in the N channel to 
form an output end. 

Fig. 2 illustrates the structure of a known CMOS having 
an N-channel MOSFET and a P-channel MOSFET. A P-type well 
22 is formed in an N-type substrate 21 to separate the N 
channel from the P channel. The P-channel MOSFET having a 
P-type drain 23 and a P-type source 24 is formed outside the 
P-type well 22. An N-type drain 25 and an N-type source 26 
are formed in the P-type well 22 by N-type impurity 
diffusion to provide the N-channel MOSFET. Referring to Fig. 
2, reference numerals 27 and 28 denote insulated gates 
formed over the N-type substrate 21 with insulating layers 
29, 29 sandwiched therebetween. 

However, in the CMOS having the structure in Fig. 2, it 



- 5 - 



is difficult to suppress a so-called punch- through 
phenomenon in which a depletion layer expands owing to a 
reverse bias applied to a PN junction to short-circuit the 
MOSFET. In order to suppress the punch- through phenomenon 
(in order to increase the voltage against the punch- through 
phenomenon), for example, formation of a low-impurity- 
concentration area is attempted in part of the drain. 
However, such a method requires a high-precision impurity- 
concentration controlling technology and the effect of such 
a method is limited. Furthermore, since a high voltage is 
ordinarily applied to a base material for usage in such a 
CMOS, all devices other than the CMOS must be formed in the 
P well in order to form the devices on the base material. 
Hence, parasitic elements are formed in the devices and, 
therefore, can disadvantageously result in the occurrence of 
a latch-up phenomenon. 

[Object of the Invention] 

In view of the foregoing, it is an object of the 
present invention to provide a semiconductor apparatus 
capable of forming a CMOS in which it is difficult to cause 
a punch- through breakdown or latch-up phenomenon and which 
has a high breakdown voltage and can be easily integrated. 

[Disclosure of the Invention] 

In order to achieve the above object, the semiconductor 
apparatus according to the present invention has a 



semiconductor substrate in which at least two wells 
including a first second-conductive-type well and a second 
second- conductive- type well are separated by a first - 
conductive- type separating layer on a first-conductive- type 
semiconductor layer. The first and second wells have an 
impurity concentration higher than that of the first - 
conductive- type semiconductor layer, and the separating 
layer has an impurity concentration higher than the first 
and second wells. The first well includes a second- 
conductive- type first area having an impurity concentration 
higher than that of the first well beneath its surface, 
first-conductive-type second areas having an impurity 
concentration higher than that of the first area are formed 
in the first area so as not to protrude from the first area, 
and first-conductive-type third areas having an impurity 
concentration higher than that of the first area are formed 
beneath the surface of the first well adjacent to the first 
area so as not to be in contact with the first area. A 
first electrode connected to the second areas and second 
electrodes connected to the corresponding third areas are 
formed on the surface of the first well, and third 
electrodes are formed over the surface of the first well 
with the corresponding insulating layer sandwiched 
therebetween so as to stride across the corresponding second 
area, the first area, the first well, and the corresponding 
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third area. The third electrode serves as an insulating 
gate, the adjacent second electrode serves as a drain 
electrode, and the first electrode serves as a source 
electrode to form a first-conductive- type MOSFET. Second- 
conductive- type fourth areas having an impurity 
concentration higher than that of separating layer are 
formed beneath the surface of the separating layer so as to 
be apart from the second well and a second-conductive-type 
fifth area having an impurity concentration higher than that 
of the second well is formed beneath the surface of the 
second well. Fourth electrodes formed so^ as to connect the 
corresponding fourth area to the surrounding separating 
layer and a fifth electrode connected to the fifth area are 
formed on the second well, and sixth electrodes are formed 
over the surface of the second well with the insulating 
layers sandwiched therebetween so as to stride across the 
corresponding fourth area, the separating layer, and the 
second well. The sixth electrode serves as the insulating 
gate, the fifth electrode serves as the drain electrode, and 
the fourth electrode serves as the source electrode to form 
a second-conductive- type MOSFET. The insulating gate of the 
first -conductive- type MOSFET is connected to the insulating 
gate of the second- conductive- type MOSFET and the drain 
electrode of the first -conductive- type MOSFET is connected 
to the drain electrode of the second-conductive- type MOSFET 
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to form a complementary MOS. 

An embodiment of the present invention will be 
described in detail below with reference to Fig. 1. 

At least two wells including N-type (second-conductive- 
type) first and second wells 2 and 3 are separated by a P- 
type (first-conductive-type) separating layer 4... on a P-type 
(first-conductive- type) semiconductor layer 1 to form a 
semiconductor substrate. The first and second wells 2 and 3 
have an impurity concentration higher than that of the P- 
type (first -conductive- type) semiconductor layer 1. The P- 
type separating layer 4... has an impurity concentration 
higher than the first and second wells 2 and 3 . 

Although the semiconductor substrate is, for example, 
formed in the following manner, the method of forming the 
semiconductor substrate is not limited thereto. 

First, an N" layer having an impurity concentration 
higher than that of the P-type semiconductor layer 1 is 
formed on the P-type semiconductor layer 1 by epitaxial 
growth or the like. Next, P-type impurity is diffused at 
predetermined positions in the N" layer to form the P-type 
separating layer 4... having an impurity concentration higher 
than that of the N" layer in order to separate the N~ layer 
into the wells 2 and 3 . 

The first well 2 includes an N-type first area 5 having 
an impurity concentration higher than that of the first well 
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2 beneath its surface. P-type second areas 6 having an 
impurity concentration higher than that of the first area 5 
are formed in the N-type first area 5. P-type third areas 7 
having an impurity concentration higher than that of the 
first area 5 are formed beneath the surface of the first 
well 2 adjacent to the N-type first area 5. The second 
areas 6 are circularly formed so as not to protrude from the 
first area 5, and the third areas 7 are circularly formed so 
as not to be in contact with the first area 5. A first 
electrode 8 is connected to the second areas 6 , and second 
electrodes 9 are connected to the corresponding third areas 
1. Each third electrode 11 is formed over the surface of 
the first well 2 with the corresponding insulating layer 10a 
sandwiched therebetween so as to stride across the 
corresponding second area 6, the first area 5, the first 
well 2 , and the corresponding third area 7 . The third 
electrodes 11 serves as an insulating gate, the adjacent 
second electrode 9 serves as a drain electrode, and the 
first electrode 8 serves as a source electrode to form a P- 
type MOSFET (insulated-gate field-effect transistor). 

N-type fourth areas 12 having an impurity concentration 
higher than that of separating layer 4 are formed beneath 
the surface of the separating layer 4 , which is formed so as 
to surround the second well 3. An N-type fifth area 13 
having an impurity concentration higher than that of the 
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separating layer 4 is formed in the second well 3 . The 
fourth areas 12 are circularly formed so as to surround the 
second well 3 and not to be in contact with the second well 
3. The fifth area 13 is formed so as not to protrude from 
the second well 3. Each fourth electrode 14 is formed so as 
to connect the corresponding fourth area 12 to the 
surrounding separating layer 4. A fifth electrode 15 is 
connected to the fifth area 13. Each sixth electrode 16 is 
formed between the corresponding fourth electrode 14 and the 
fifth electrode 15 over the surface of the second well 3 
with the corresponding insulating layer 10b sandwiched 
therebetween so as to stride across the corresponding fourth 
area 12, the separating layer 4 # and the second well 3. The 
sixth electrode 16 serves as the insulating gate, the fifth 
electrode 15 serves as the drain electrode, and the fourth 
electrode 14 serves as the source electrode to form an N- 
type MOSFET. In the N-type MOSFET, the upper part of the 
separating layer 4 is used as a base 4a functioning as a 
channel . 

The insulating gate 11 in the P-type MOSFET is 
connected to the insulating gate 16 in the N-type MOSFET to 
form an input end (V in ) , and the drain electrode 9 in the P- 
type MOSFET is connected to the drain electrode 15 in the N- 
type MOSFET to from an output end (V out ) - These connections 
lead to the formation of the CMOS. In such a CMOS, the 



source electrode 14 in the N-type MOSFET is set to a low 
voltage or is grounded to be used as a low- voltage end V S s, 
and the source electrode 8 in the P-type MOSFET is set to a 
high voltage or is grounded to be used as a high-voltage end 
V DD . 

In the CMOS formed by using the semiconductor apparatus 
of the present invention in the above manner, the source 
electrode 14 serving as the low-voltage end (V S s) in the N- 
type MOSFET is also connected to the base 4a and, thus, the 
diffusion layer 4 including the base 4a, the semiconductor 
layer 1, or another diffusion layer 4... (the rightmost 
diffusion layer 4 in Fig. 1) can also be set to the low- 
voltage state (including the grounded state). Hence, when 
devices other than the CMOS are formed on the same substrate, 
the devices are not necessarily formed in the well, thus 
eliminating the risk of the latch-up phenomenon. In 
addition, various devices are formed in the wells, each 
having a different voltage. 

Since the base 4a has an impurity concentration higher 
than that of the second well 3 in the PN junction of the P- 
type base 4a serving as the channel and the second well 3 
serving as the drain in the N-type MOSFET, a depletion layer 
expands in the second well 3 but does not expand in the base 
4a in a reverse biased state, thus eliminating the risk of 
the punch- through breakdown in this area. The same applies 
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to the P-type MOSFET. Since the third areas 7 have an 
impurity concentration higher than that of the first well 2 
in the PN junction of the first well 2 serving as part of 
the channel and the third areas 7 serving as the drain in 
the P-type MOSFET, the depletion layer hardly expands in the 
third areas 7 . Although the depletion layer expands in the 
first well 2 serving as part of the channel, the depletion 
layer does not expand toward the first area 5 because the 
impurity concentration of the first area 5 forming the 
remaining part of the channel is higher than that of the 
first well 2. In other words, in the P-type MOSFET, even 
when the first well 2 serving as part of the channel has a 
low threshold (sometimes, the first well 2 is depleted), the 
first area 5 forming the remaining part of the channel has a 
high threshold and, therefore, the first area 5 controls 
turning on and off the MOSFET. This contributes to the 
suppression of the punch- through breakdown. 

Since the N-type two wells 2 and 3 have an impurity 
concentration higher than that of the P-type semiconductor 
layer 1, the depletion layer expands in the semiconductor 
layer 1 but does not expand in the wells 2 and 3 with a 
reverse bias being applied in this PN junction. Accordingly, 
the depletion layer occurring in the PN junction does not 
expand into the channel even with the thin wells 2 and 3, so 
that the thin wells 2 and 3 can be used while keeping a high 
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voltage. Hence, it is possible to simplify a process, such 
as the formation of the separating layer by the epitaxial 
growth or the impurity diffusion described above. 

The semiconductor apparatus of this embodiment employs 
the long channel to suppress the punch- through breakdown 
owing to the expansion of the depletion layer and to achieve 
a high breakdown voltage. 

According to the present invention, the latch-up 
phenomenon or the punch- through breakdown is suppressed in 
the manner described above, thus realizing the CMOS that can 
be easily integrated and has a high breakdown voltage. 

Although the semiconductor apparatus of the present 
invention has been described according to the embodiment 
shown in Fig. 1, the present invention is not limited to the 
embodiment in Fig. 1. Although, for example, the N-type 
channel or the P-type channel is circularly formed to be 
used as one N-type MOSFET or one P-type MOSFET, respectively, 
in the embodiment in Fig. 1, two or more channels may form 
the MOSFET and the channels may not be circularly formed. 
In addition, although the first conductive type is the P 
type and the second conductive type is the N type because 
the P-type semiconductor layer 1 is used in this embodiment, 
the first conductive type is the N type and the second 
conductive type is P type when an N-type semiconductor layer 
1 is used. 



